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Cloning and Analyses of a Dual Specific Serin@f hronine Protein 
Kinase Gene with High Conservative and Constitutive 
Expression in Oryza (OSSTK ) 
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Abstract: A cytoplasmic serin@thronine protein kinase gene (OsSTK), had been cloned from Oryza genus . It was found 
high conservative and constitutive expression in Oryza . OsSTK gene had two exons, separated by 114 bp short intron . The 
open reading frame of OsSTK gene that predicted encoded a 419 amino acids protein . The amino acid sequence of OsSTK 
had low identities (less than 53% ) with any other known protein kinase . The phylogenetic tree based on the partial DNA 
sequences of OsSTK from different species and types of wild rice and cultivated rice, was close to the taxation system of 
rice . Interestingly, OsSTK had a serine, including basic amino acids and charged amino acids abundant polypeptide with a 
“ GDGDGDGDG” sequence at N-terminal that had not been found in any other genes . OsSTK may play dual specificity that 
phosphorylates both serin@¢hronine and tyrosone, because the amino acids module of VIb, VIII and XI catalytic domain 


have both the serin@hronine and tyrosine kinase characters . 
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Protein kinase plays a central role in multiple bio- 
logical processes, including growth, development, me- 
tabolism of cell, stress response and signal transduction 
(Natalia et al., 1998) . Protein kinase catalyze the re- 
versible transfer of the Y -phosphate from ATP to amino 
acid side chains of proteins . Phosphorylation status of a 
protein has profound effects on its activity and interac- 
tion with other proteins . It is estimated that 1% to 3% 
of functional eukaryotic genes encode protein kinases . 
Enzymes belonging to the protein kinase superfamily are 
related by homologous protein kinase catalytic domains . 
Typically, eukaryotic protein kinases have been subdi- 
vided into those that phosphorylate Serine an@r Thro- 
nine, those that phosphorylate Tyrosine and those that 
phosphorylate Histidine (Julie et al., 1995) . There 
are 12 conserved regions referred to as subdomains, 
some of which contain invariant or nearly invariant resi- 
dues (Hanks et al., 1991) . Crystal structure determi- 
nations of protein kinases demonstrate the importance of 
these conserved residues in catalysis and conservation 
of overall three-dimensional structure (Julie et al., 
1995) . Since the importance of protein kinase in plant 
biological process, the more we know about protein ki- 
nase, the more we will understand about the net work 
of cell metabolism and signal transduction . During the 
cloning of STK (serin@thronine protein kinase) type 
resistance gene analogs from different species and types 
of wild rice, a highly conserved serin@hronine protein 
kinase gene in Oryza has been identified . Here, we 
describe the cloning and characters of this novel protein 


kinase gene . 


1 Materials and methods 
1.1 Rice materials 

Three wild rice species were collected from wild fields in 
Yunnan province, including Oryza rufipogon Griff, O. officinalis 


Wall ex watt and O. meyerana Baill . O. longistaminata was col- 


lected from Africa. O. minuta was from south Asia. Another 
type of O. rufipogon was from Jiangxi province, China . Four dif- 
ferent types of Oryza rufipogon used in our research were: Yuan- 
jiang type (collected from Yuanjiang in Yunnan province), red 
awn type (from Jinghong in Yunnan province), erect type (from 
Jinghong in Yunnan province), and Dongxiang type (from Jian- 
gxi province) . All of the collected cultivated rice varieties and 
wild rice species were grown in green house in Kunming of Yun- 
nan province for further use . The young green leaves were used 
for genomic DNA and RNA extraction . 
1.2 DNA isdation, finding and doning of OsSTK gene 

Plant genomic DNA was isolated by CTAB method fron 
young plant leaves, according to the manufacturer’ s protocol 
(Doyle and Doyle, 1987) .For the amplification of STK type re- 
sistance gene analogues, a pair of degenerated primers (KF and 
KR, table 1) was synthesized .50 pmol L`’ of each primer (KF, 
KR) and 50 ng of genomic DNA were added to 50U1 of PCR re- 
action mixture with 5 U1 of 10x reaction buffer, 2.5 mmol L` ' 
MgCl: , 0.2 mmol L`' of each dNTP, and 4 units of Pfu DNA 
polymerase . Thirty cycles of PCR with denaturation at 95°C for 
40 s, reanealing at 55°C for 40s, and extension at 72°C for 1 
min, were performed in a DNA thermalcycler (PTC-200, MJ re- 
search) .PCR products were purified and ligated to pGEM-T vec- 
tor (Promega) and transformed into E. coli (DH5Q) , according 
to the manufacturer’ s protocol . Random selected plasmids con- 
taining inserts of the PCR products were sequenced by Sangon 
Ltd . China. Multiple DNA sequences analysis and alignment 
were made by the software DNASIS . Among the cloned STK type 
disease resistance analogues , we found one of them from O. ru- 
fipogon, O. officinalis and O. meyerian, respectively, shared 
highly identities . These DNA fragments may come from one ho- 
mologous gene . By using one of these sequences as bait, search- 
ing in DNA database, we found a cDNA clone and a BAC clone, 
both has more than 99% identities with the bait sequence . Ac- 
cording to the cDNA and BAC clone, we identified OsSTK gene . 
1.3. Conservation analysis of OSSTK gane in Oryza 

After the comparison to the OsSTK gene partial sequences 
from O. rufipogon, O. offidnalis and O. meyeriana, a pair of 
specific primers (OTK1: 5 -GGCGGTGAAGCAGCTGGAC-3’ , 
OTK2 : 5 -GGGIGGAGACGTIGGGTCTTGTC-3’ ) was synthesized 


Table 1 Degenerated primers for STK type disease resistance gene analogs 


Primer name Type Conserved amino acid sequences Primer sequences 
KF (upstream) STK FG (KOV@RS) VY (KOR) G TTYGGITCIGTITAYMRIGG 
KR (downstream) STK D (VW) YS (FRY) G (VOR) AYICCRWARCTRTAIAYRTC 


Y=@l: R= OG; W=A0T; M=A48; I = deoxyyinosine 


SU YANG Ming-Zhi et al. : 


according to the most conservational region in OsSTK gene . For 
the amplification of OsSTK gene partial DNA sequences in differ- 
ent rice materials, the PCR conditions of 50 ul reaction mixture 
were modified and the same PCR procedure for all materials were 
used described as above in 1.2 except for the reanealing tempera- 
ture is 60°C .All the PCR products from different wild rice species 
were purified and directly sequenced by Sangon ltd .. Multiple 
DNA sequences analysis and alignment were made by the software 
DNASIS . Phylogenetic tree based on the OsSTK gene partial DNA 
sequences was constructed by the software CLASTALw1.83 . 
1.4 Transcription Ilwa analyss of OSTK gene 

The young plant leaves of cultivated rice ( Hexi 35), 
O. rufipogon, O. officinalis, 
and O. minuta were used for the extraction of total RNA by a to- 
tal RNA extraction kit (Gene Company) according to the manu- 


O. meyeriana, O. longistaminata 


facturer s protocol . The extracted total RNA was treated with 
RNase free DNase for 30 min at 37°C to remove the genomic 
DNA . After 5 min denaturation at 70°C, the SuperScript first- 
strand synthesis system for RT-PCR kit (Clontech) was used to 
synthesize cDNA according to kit instructions . About 1 Ug total 
RNA and Oligo dT that used to prime the cDNA were added to 
the synthesis reaction . One-tenth volume of the final cDNA (2 
H1) was added to 20u1 PCR reaction mixture to amplify the Os- 
STK gene fragment as described above in 1.3 .The PCR products 
were detected by 1.0% agrose gel electrophoresis . 
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2 Results 
2.1 Bait sequences from three species of wild rice 
Many of the disease resistance analogues belong- 
ing to serin@hronine protein kinase (STK) type have 
been cloned from different species of wild rice . Among 
these DNA sequences, 3 of them from wild rice O. ru- 
fipogon, 
shared more than 91% identities of the deduced amino 


O. officinalis, O. meyeriana, respectively, 


. These analogues may origin 
. There 
were 3 bp in O. rufipogon, and 18 bp in O. meyeriana 


acid sequences (Fig.1) 
from one same gene or gene family (OsSTK ) 


deletion in these DNA sequences, 
pared to that of O. officinalis .But the deletion did not 


respectively, com- 


affect the predicted reading frame . 
2.2 OsSTK genein O. sativa (J aponica) 

Using the cloned OsSTK DNA fragment from 
searching in the NCBI 
gene database with BLAST program, we found one 
cDNA clone ( AK070226) without annotation and one 
BAC clone (gi: 53793517) from No .9 chromosome of 
rice . All these clones contained DNA sequences that 


O. rufipogon as bait sequence , 


have more than 99% identities with the bait sequence, 


Qoruftpogom waancuaaas LSA pinine aa Bed tee a TE n a a E 
Q officinalis FGSVYRGRLEGEDGGYTEAAYKOLDRNGMOGNREFLVYEVLMLSLLÁAEHPNLYTLLGYCTD 
0. meyeriana — —  sssorerorese n i A E RAE E hark ae ee er Tore 


debe, * 


KF (primer) 


@ rufipogon ee | ae aa 


O officinalis 


O meyeriana 


, doo kkk okk © 


0 rufipogon 
O officinalis 


@ meyeriana 


GO rufipogon  — sasae 

OG offfernalis VYSFG1 

Ü meyeriana  .ssacu 
Ee 
KR(primer) 


Bere ee hehe eee heehee 


Se decsedesseseseseak k, dededkdeckdeckskedede sede kikiki 


Peer eee ee eee eee eee eee eee eee 


nakak « akrkac toda aba acto dak ak 


i E 


ee | 


Fig. 1 Deduced amino acid sequences of three highly conserved STK type protein kinase analogues from three different species of wild rice 


‘ x” indicates the amino acid identity and“ .” 


shows the amino acid similarity . The underlined sequences are the positions of the degenerated primers 
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respectively . So, by analysis of these two clones we 
found the OsSTK gene consists of two exons, and the 
open reading frame separated by a short intron of 114 
bp . OsSTK gene was predicted encoding a 419 amino 
acids cytoplasmic serin@&hreonine protein kinase, with 
a predicted isoelectric point at 5.52 .Like other protein 
kinase, the deduced OsSTK protein sequence contains 
all the invariant and highly conserved amino acids 
which characterize the 12 sub-domains (Fig.2) . The 
subdomain VIII of OsSTK was completely consensus to 
the classical serin@&hreonine protein kinase . But the 
subdomain VIb and XI does not closely resemble either 
the consensus of typical serin@&hreonine nor tyrosine 
protein kinase . The XI catalytic domain of OsSTK was 
much consensus to the tyrosine protein kinase (Table 
2) . The catalytic domain of OsSTK was flanked by N- 
and C-terminal regions of 114 and 30 residues, respec- 
tively . The N-terminal residues were abundant with 
serine and positively charged amino acids (lysine and 


arginine ) . Searching in protein databases using the 


l I! Il 





program BLAST, we revealed no close relatives to the 
N-and C-terminal regions of OsSTK, but more than 150 
characterized protein kinase sequences sharing identi- 
ties greater than 50% with OsSTK catalytic domain 
were detected . Most of these protein kinases were not 
annotated yet . Among the annotated or partially anno- 
tated protein kinase, the most similar one was a auxin- 
regulated dual specificity cytosolic kinase from tomato 
(Lycopersicon esculentum) and a putative Avr9@6f-9 
rapidly elicited protein [ Oryza sativa (japonica culti- 
var-group ) XP_ 482765.1], analyzed by the software 
of Clustalwl .83 . 
2.3. Conservation analysis of OsSTK homologue 
gene in different species of wild rice 

By using the specific primers ( OSKI@QOSK2 ), 
about 400 bp specific DNA sequences were amplified 
from all the Oryzae materials, including O. sativa, dif- 
ferent types of O. rufipogon, O. officinalis, O. long- 
istaminata, O. minuta and O. meyeriana . The OsSTK 


partial DNA sequences and corresponding deduced amino 


OSEDRGGDGDGDGDGAPPSTSSSGCSNSSSSSKKKNLASERSLOGSSRONNSNLVNLVNEIVAES VTYRHERVADEILI 


Iv V 


[LGEGGFGPVYRGRLS IKGTVTEAAVKOLDRNGMOGNREELVEVLMLSLLAEHPNLVTLLGYCTDGDHRILVYEYMARGSLED 
Via VIb VII 
HLLDLPPGAAALDWTTRMRIAQGAARGLEHLHDAARPPVIYRDFRASNILLDSSPOARLSDFGLAR VGPVGDKTHVSTRVMGT 
Vil [x x 
YGYCAPEYALTGKLTTCSDVYSFGY V FLEIINTGRRAIDMARPHDEONLYOWAAPRFE DKK LFADMADPLLRGAYPTKGLYOQALA 
XI 
IAAMCLOBDATMERPAISDYVTALE YL] TVAGASSEPAPRPOKLOPPEDDDDDORPAA 


Fig .2 Putative amino acid sequence of OsSTK gene in O. sativa 
The framed N-terminal sequence showed the N-myristoylation motif; Roman numbers indicate the 12 corresponding catalytic sub-domains 
of the protein kinase . The serine, charged amino acids abundant N-terminal was under-lined . The GenBank accession number 


for the nucleotide sequence and the deduced amino acid sequence is DQ457011 


Table 2 Comparison of the sub-domain VIb, VIll and XI of OSSTK, ADK1 with the corresponding sequences of typical 


serin@@hronine and Tyrosine types of protein kinases 


Protein Kinase VIb VII XI 

Serin@threonine DL K PEN G (A) XX (Y@) X APE XX (X) 6 RXXX 
OSSTK DF KASN GT YGY CAPE CL (X) 6 RPAI 
ADK 1* DI K P DN GT ARY ASVN CR (X) 6 KPDY 
AhSTKY DL K § DN GT YRW MAPE CW (X) 6RPPI 
ATNI DL KPEN GT YRW MAPE CW (X) 6RPNF 
Tyrosine DL (R®A) A (R@A) N XP (N) (KÊR) W (TÈM) APE CW (X) 6RPXF 
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acid sequences shares identities up to 91% and 90% , res- 
pectively . Phylogenetic tree based on the homologous of 
DNA sequences was constructed and displayed in Fig.3 . 
2.4 Transcription of OsSTK 

About 400 bp specific DNA fragments can be ampli- 
fied from all the Oryzae plants that we available by RT- 
PCR . For all the extracted tRNA were treated by RNase 
free DNase, the results proved the constitutively expres- 


sion of OsSTK gene in all these plant leaves (Fig.4) . 


3 Discussion 

PCR based technology together with bioinformatics 
was used to clone OsSTK coding for a novel protein ki- 
nase which may displays both serin@%hronine and ty- 
rosine kinase characteristics . The properties of high 
conservation and constitutive expression of OsSTK gene 
in Oryzae plants imply the functional importance of Os- 
STK . The structure of OsSTK catalytic domain is simi- 
lar to the first cloned disease resistant gene (R gene) 
PTO, which conferred to resistant Pseudomonas syrin- 
gae pv . from tomato (Martin et al., 1993) . Pto gene 
encodes a 321 amino acids cytoplasmic serin@&hronine 
protein kinase and is proved to have the function of 
self- phosphorelation . 

Dual specificity protein kinase which can phospho- 
rylate serine, threonine and tyrosine was found in 
ADK1, ANKI from Arabidopsis (Ali et al., 1994; 
Tregear et al., 1996), and in AhSTKY from peanut 
(Rudrabhatla and Rajasekharan, 2002) . The sub-doma- 
ins VIb, VIII and XI of OsSTK were closely resemble 
the ADK1, AhSTKY and ANKI (Table 2) .Sub-domain 


VIII of OsSTK contains 3 tyrosine residues . In animal 
tyrosine kinases, tyrosine residues between subdomains 
VII and VIII are thought to serve as sites for autophos- 
phorylation (Hanks et al., 1995) . 

Phylogenetic tree based on OsSTK gene partial DAN 
sequences was close to the taxation system of Oryzae pla- 


nts (Fig.3) . O. sativa, O. rufipogon, O. longistaminata 
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Fig .3 Phylogenetic tree base on the partial sequences of OsSTK 
gene from different species and types of wild rice 
(Neighbor-Joint tree, constructed by the sofltware of CLASTAL 
w1.83, the numbers at every node were the support 


rate in 100 times of test) 





Fig .4 RT-PCR results of OsSTK gene fragments from different species and types of wild rice and cultivated rice 


m . indicates the DL2000 Markers; 1, 2 . indicate the negative control and“ 1” is the negative control with no DNA plate,“ 2” is the negative con- 


trol with RNase free DNase treated genomic DNA from O. sativa (hexi No . 35); 3. O. saytiva (hexi No. 35); 4 . Dongxiang type of O. ru- 


fipogon; 5 . Oryza longistaminata Chev er Roehr; 6 . Oryza minuta J .s . presl; 7 . Oryza officinalis Wall; 8 . Oryza meyeriana Ball; 9 . Oryza 


officinalis Wall; 10 . Yuanjiang type of O. rufipogon Griff; 11 . Erect type of O. rufipogon Griff; 12 . Red awn type of O. rufipogon Griff 
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belonging to the same AA genotype ( Vaughan et al., 
2003) , were located in the nearest position in the tree . 
O. meyeriana belonging to GG genotype that located in 
relatively farther position from other species of Oryzae 
plants . O. officinalis and O. munita have partially 
same genotype, and located in a relative close position 
in the tree . Becauses they belong to the CC and BBCC 
genetypes, respectively . 

Besides a specific peptide at the N-terminal, 
moreover, OsSTK contains an MGIFCCF motif which 
matches the (MGXX [ PONS | X) consensus for 
N-myristoylation (Towler and Gordon, 1988) . This co- 
translational modification is catalized by a myristoy- 
CoA: protein N-myristoyl transferase (NMT) , for which 
an activity was found in wheat (Heuckeroth ef al., 
1988) . The previously studied animal, yeast and wheat 
enzymes were found to myristoylate the amino group of 
the glycine at position +2, the sequence context greatly 
affect the efficiency of reaction . It was found in particu- 
lar that the presence of either a serine, a cysteine or a 
second glycine at position +6, the absence of a praline 
or a charged amino acid at position + 3 and the absence 
of praline at position + 7 were important (Casey, 
1995) . And these characters were found in OsSTK . N- 
myristoylation often has an important functional role, ei- 
ther for protein-protein interaction or for protein-mem- 
brane attachment (Ishitani et al., 2000) . N-myritoyla- 
tion motif was recently found in calcineurin B-like pro- 
teins (CBLs) which acted in CBI@EIPK signaling system 
to mediate a variety of responses to environmental stimu- 
li in plants (Gao et al., 2008) . It is therefore possible 
that this co-translational modification might permit mem- 
brane association in the case of OsSTK .The specific N- 
terminal sequences, abundant with serine, basic and 
charged amino acids, may have specific role in cell po- 
sitional and protein recorgnizition. No T [B@E] Y 
module was found between sub-domain VII and VIII in 
OsSTK, which is necessary for activation of MAP ki- 
nase, an evidence that powerfully supported their reli- 
ability as the members of the rice MAPK family (Liu et 
al., 2007) . Therefore, OsSTK doesn’ t belong to the 
MAPK family . The real function of OsSTK gene is de- 
served to be further confirmed . 
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